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1 Introduction
All business activities, regardless of the under-
lying sector, involve some element of risk.  Whether
the risk is operational or strategic, concerns mar-
ket failures or environmental disasters, all business
processes will at some point be exposed to risk. The
term “risk management” therefore describes the
attempt to identify, evaluate, measure, mitigate
and monitor risks and their consequences – either
on a particular project or on a business as a whole.  
Within the context of capital-intensive indus-
tries, whose complex assets and processes often
require highly technical skills and operational know-
how, the perception of risk is often limited to health
and safety rules and regulations. As such, when dis-
cussing risk management with managers at chem-
ical sites, the first notion that tends to spring to
mind is the way in which his or her team will be
protected from accidents at work.  
During large capital projects – such as turn-
arounds and shutdowns, where an entire section
of a plant may be taken offline for scheduled repair
or renewal – the sheer number of people needed
to conduct work onsite means that managers’ con-
cerns over risks to team safety are valid. During
such projects, companies are forced to engage con-
tractors to ensure that the huge volume of work
can be completed on time. These contractors are
often not familiar with site processes and systems
including safety protocols and therefore could be
considered to be at higher risk of accident or injury
than those who work at the site all year round.  
While undoubtedly a crucial factor, this view-
point excludes a number of other risks at play. The
vast number of tasks being carried out by multiple
workers at any one time means that one particu-
lar action (or lack of it) could completely derail the
schedule and have repercussions across the rest of
the planned work for that day, week or even the
whole project. Managers must understand that
the risk of one single delay to the schedule could
put pressure on some workers to complete their
tasks in less time, as well as cause confusion as to
what should occur, where and when. Tasks may
either then not be conducted or be carried out in
a hurried or unsafe manner, which could lower effi-
ciency and impact the safety of all employees while
onsite. If the potential impact of risks to the sched-
ule on both health and productivity is not taken
seriously by managers, it could have a disastrous
effect on the success of the turnaround and ulti-
mately, the bottom line.
With specific reference to the chemical indus-
try, this paper will look at the key aspects of risk
within the framework of turnarounds and large
capital projects. The term “risk management” is
therefore used in this context to refer to the process
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of identifying, evaluating, measuring and mitigat-
ing risks to the turnaround before they occur. The
risk of not achieving the project’s defined objec-
tives – such as cost, quality, duration and safety –
on time or at all is therefore a chief concern. 
Beginning by outlining some of the key prob-
lems turnaround managers have when attempt-
ing to manage risk, the paper will then examine
the use of risk management tools in planning,
scheduling and project execution as a means of
addressing those challenges. Finally, it will make
use of experience obtained while onsite at a chem-
ical plant in France to evaluate the benefits and
obstacles encountered during a turnaround risk
review where such a risk management tool was
used. The ways in which risk is addressed and
handled within the industry will be outlined and
critically assessed. 
2 The problem with identifying and cata-
loging risk
While most managers understand that risk man-
agement is important and needs to be addressed,
the way in which it should be approached and dealt
with is often misunderstood on a number of lev-
els. For example, a risk register listing risks, their
causes and consequences is usually compiled before
a project starts and includes anything and every-
thing that could threaten the project. This could
range from bad weather to unexpected repairs,
missing parts or the absence of appropriately qual-
ified personnel. This register is then filed away and
seldom referred to again, if at all. 
As each event has a unique set of requirements,
some risks which were present at previous proj-
ects may have disappeared due to mitigation meas-
ures, some new risks may arise which were not rel-
evant in the past, or the impact of existing risks
may be greater under new circumstances. As a
result, the register provides a good starting point
from which to begin the risk management process,
but if risk is treated as a static “problem” which
does not change over time, it will only serve to give
the entire team a false sense of security and will
not actually help to safeguard the turnaround’s
success in any practical sense. 
Part of the reason for this is the sheer scope of
risk: there are often so many potential events and
delays to a project as complex as a turnaround that
even trying to identify and quantify those possibil-
ities can seem extremely daunting. It is also per-
ceived to be time consuming and expensive, so
managers lean towards the “so far, so good”
approach, where no new actions or processes are
developed as those risks have not materialized in
the past. It is therefore vital that the turnaround
manager understands that the process of evalua-
tion cannot be a one-size-fits-all approach: As the
nature of risk means that it changes over time and
according to location, environment and circum-
stances, managers must learn to move away from
the idea of it as a static obstacle which can be swift-
ly overcome with a few meetings and a hastily writ-
ten report. Dealing with risk in an effective way
means taking a dynamic approach to a constant-
ly evolving situation, which in practice means that
risks need to be continuously evaluated and meas-
ured at different stages of the project.
3 The difference between hazards and risks
The key to avoiding the above mentioned prob-
lems is to take an active approach to identifying all
of the risks that could occur during the project. This
means that the fundamental difference between
a risk and a hazard must be understood – where a
hazard is latent and only develops into a risk when
it directly impacts a project. A good example of this
is the weather: in regions where heavy rain can stop
people from working, the rain only becomes a risk
when measures such as temporary roofing have
not been organized in advance by management. 
The identification of risks should therefore begin
much sooner than most managers realize, ideally
at the same time the turnaround is being planned.
The use of different tools which give the process
some structure tend to aid the process, and usual-
ly begin with a risk register as mentioned above.
Some teams begin with a brainstorming workshop
to identify potential risks to the project, while oth-
ers start with a list of common risks. Where possi-
ble, using risk registers from previous turnarounds
to build a list of what could potentially occur with-
in a new project is perhaps the easiest approach.
While this provides a good foundation, it can be
misleading. Only using the information from pre-
vious projects ignores problems that by pure chance
did not occur in the past and lays the project open
to delays or even failure.  
One way of overcoming this is to begin with a
non-project-specific risk register; from experience,
there are approximately between 100 and 150 haz-
ards that are applicable to most turnarounds. The
hazards could range from the late delivery of mate-
rials to more banal items such as a lack of parking
spaces and gates. When a site normally operates
with 600 workers, accounting for the access of
3,000 during a turnaround is vital. 
Managers should then evaluate which hazards
are relevant to the project at hand and then divide
them into themes which allow them to be more
easily dealt with. The nine themes to which haz-
ards are typically assigned to include: 1. Scope, 2.
Organization, 3. Management, 4. Work planning, 5.
Capex involvement, 6. Scheduling, 7. Purchasing
and sourcing, 8. Environment, safety, health and
quality and 9. Execution. 
4 Using a risk matrix to evaluate risk sever-
ity
This is where many managers stumble, prima-
rily because the process of risk assessment is by
nature rather subjective. What is viewed as highly
dangerous to one manager might seem only mod-
erately dangerous to another. It is therefore impor-
tant that the different tools discussed below are
created and evaluated by a team involving not just
the turnaround manager, but also managers from
production, maintenance and operations who all
agree on the threat level and try to give as much
detail to the definitions as possible. That way, a
more balanced and concrete assessment will be
conducted, the results of which will be far more
helpful to the turnaround manager during execu-
tion. 
Once the risk register has been agreed, the most
straightforward way of evaluating the severity of
the risks listed in it is to apply a matrix to each one.
On one side of the table, the probability of occur-
rence is measured against the impact on the proj-
ect. On the other, the severity is assessed. When
looking at figure 1, on the left hand side of the table,
the severity of the impact of a particular risk is clear-
ly defined across a number of different fields, from
health, safety and environmental to media atten-
tion and financial impact. This is then measured
on a scale from one to four, where one is severe
and four is significant. Consequently, if a risk eval-
uation team considers a risk to have the potential
to cause serious injury, could be reported by local
news stations and has a 50% probability of occur-
ring, it would be in the 2C category. However, if the
probability of a risk occurring is high – such as
between 90 and 100% - and it carries equally high
human and financial costs, it would be classified
as 1A and require immediate action. 
This evaluation is necessary for all of the risks
on the risk register and can then be used to prior-
itize the risks at hand in a structured and coordi-
nated fashion. If a risk is agreed to be in the bot-
tom right, dark green corner, mitigating actions are
not necessary, whereas risks classified in the orange,
red or dark red areas would need imminent or even
immediate attention. 
5 Preventing risks from occurring: The bow
tie model
Understanding probability and the severity of
risk is only half of the process. Countermeasures
which prevent that risk from occurring must be
defined and acted upon. The bow tie model (figure
2) is another tool which can be helpful to managers
in the visualization of how the approach to risk
should be structured. 
On the left hand side, the hazard is described
along with “barriers” which can be put in place to
stop the hazard becoming a risk. In the middle, the
risk is clearly defined and on the right, the conse-
quences and countermeasures are noted – what
some might call a “plan B”. To refer back to the orig-
inal example of poor weather as a hazard, a typi-
cal barrier would involve putting temporary tents
in place so that, should heavy rain occur, work can
continue without interruption. Another barrier
example would be to have a contractor on stand-
by should another contractor not be available or is
too slow. Most of the time, relatively simple, mun-
dane things go wrong and therefore, taking the
time to address even the most minor risks at an
early stage can save significant time, energy and
money in the future. 
Once these steps have been taken, planners can
then work together with maintenance and produc-
tion to ensure that the most important, danger-
ous tasks are attended to first and action is taken
to prevent them from occurring. Repairs and their
actions must be written into a system which records
their status as well as the nature and date of pre-
ventive action. Once that action has been taken,
risks can then be reclassified to assess their criti-
cality.
The key to the success of using this model lies
in the consistent assessment of risk on a regular
basis, which is where the use of risk management
tools can be helpful. Beginning with the bow tie
model, the onsite team or external risk experts can
use detailed questions and answers to establish
how critical the impact of a risk would be, usually
placing it on a scale of one to five. The risk expo-
sure index (REI) in figure 3 below is an example of
this in practice, where the impacts of a document-
ed risk on quality, costs, environment, safety and
health and duration are plotted on a graph to show
exactly the level of urgency with which preventive
measures are needed. 
Where the risk matrix helps to highlight the
severity of risk – that is, the consequences the occur-
rence of a risk would have on health, safety, envi-
ronment and business impact - the REI provides
guidance as to the urgency with which a particu-
lar risk should be tackled in the function of time
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Figure 1 An example of a risk matrix. The consequences are measured against the probability of a risk occurring.
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remaining, i.e. the criticality of a risk. Understand-
ing the difference between severity and criticality
of risk is vital to making pragmatic decisions in the
context of a turnaround. The team is in a constant
race against the clock, both in terms of the start
date and the duration of the whole project. This
may mean that, paradoxically, a risk of moderate
severity (in terms of potential consequences) might
be highly critical because mitigation measures have
a throughput time that may not fit into the remain-
ing turnaround duration. For example, the acqui-
sition of spare parts is important for the produc-
tion process, but working on that process may not
be difficult, nor expensive, nor pose health, safety
or environment issues. However, obtaining the part,
which may have to be manufactured or imported
from the Far East, will take 10 weeks with only eleven
weeks remaining on the clock. It is therefore criti-
cal that the action is taken forthwith, even if the
consequences of the risk as such would not rate
“severe”.
The REI can further be used along with differ-
ent mathematical models to create a risk threat
potential (RTP), which gives a snapshot calculation
of impending additional costs. The example in fig-
ure 4 is taken from a project where the REI was
used to estimate the impact of a risk on days of
production lost. The risk was judged to have the
potential to increase turnaround duration beyond
what was agreed and required action, meaning
that the supplemental production loss would have
translated into non-generation of revenue. Based
on the different cost and price information provid-
ed by the client, the figure of € 5.23 million there-
fore represents a time, site and product mix which
is specific to a particular market and economic sit-
uation.
Typically, addressing a clearly identified and cor-
rectly weighted risk could entail providing supple-
mentary resources in order to reduce the through-
put time of an at-risk activity. When the financial
exposure that not dealing with a risk is known, the
decision process is lifted out of the emotional phase
and the cost of mitigation measures can be com-
pared to the impact that doing nothing may have
on the bottom line. For example, when the activi-
ties that will be carried out during a turnaround
are known to produce a given quantity of effluent
over a given period, this can be set off against the
available treatment capacity. Any shortfall can be
identified up front and countered beforehand, either
by modifying the pattern of activities to alter the
outflow or by bringing in temporary treatment or
storage capacity or by moving untreated effluent
off-site, or a combination of these.
6 Managing schedule risk
As seen, the process of addressing continuous-
ly changing risks can be aided and structured by
the use of different tools to clarify and quantify the
potential impact that risks can have on a project.
When it comes to ensuring that tasks are done in
a timely, efficient manner and in a way that bal-
ances minimum downtime with realistic time
allowance for the work to be executed, the turn-
around schedule is a particular source of concern
to many managers, mainly because one single day
Figure 2 The bow tie model is used to highlight the hazards, barriers, emergency and contingency measures should a 
hazard develop into a risk.
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risk analysis for CUI and deve-
lop scenarios for plant secti-
ons that cannot be checked.
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Prolong the turnaround
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unexpected scope
during execution.
Countermeasures
Additional execution resour-
ces on standby, adequate
planning resources available,
clear management structure
in place to manage additio-
nal activities.
Before After
Hazard
High share of “Corrosion under
insulation“ (CUI).
Emergency 
Additional work cannot be com-
pleted with the resources in the
time window available.
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leads to significant loss in production and hence
profit margin. The schedule quickly becomes redun-
dant if it is not kept up to date and viewed as a
static document which does not change over time.
As with project risk management, the schedule
itself must be treated as a dynamic tool which aids
and structures execution. Thus, the potential impact
that risks have on a schedule must also be treated
in a dynamic fashion. 
A tool that helps address this aspect of risk - on
the schedule as separate from the project as a whole
– is applying Monte Carlo simulation, which uti-
lizes algorithms to evaluate and quantify time and
cost risks. By working through all project scenar-
ios and analyzing various types of recorded risks,
the simulation works out the potential impact of
the combined schedule risks giving planners con-
crete information regarding the likelihood of meet-
ing deadlines and the project end date. For exam-
ple, a particular risk to the schedule could produce
the outcome that the probability of reaching the
project end date would be only 20% and take an
extra five days to achieve the target probability of
80%.
As the simulation uses mathematical data, the
quality of the results is dependent on the quality
of the input data. The more accurate the timeline
and information for expected completion times for
tasks entered into the system, the more accurate
the results will be.  Often, this information is not
on hand and needs to be requested from on-site
experts, but the effort to obtain detailed informa-
tion is worth making as the simulation then allows
managers to link up work packages in a dynamic
plan and assess how much the end date will shift
according to different changes to the schedule. As
a result, planners can adjust schedules on a con-
tinuous basis and are able to react to situations as
they occur with a better understanding of the
impact of their decisions on the project as a whole. 
7 Risk management in practice
7.1 A case study applying tools in a turnaround
project 
Risk management tools such as those men-
tioned above were recently used during a turn-
Figure 4 The risk exposure index (REI) is used to create a risk threat potential (RTP) which shows the impact of a particular 
risk on the whole turnaround in Euro.
Figure 3  A risk exposure index shows the impact of a documented risk on the quality, costs, environment, health and 
duration of a project. 
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around review at a chemical plant in France. The
onsite team was aware of the need to address the
potential risks to the project but did not have the
internal resources available to properly address the
issue. As such, a structured questionnaire was con-
ducted with key personnel at the site using ques-
tions which are specifically designed to elicit the
appropriate information concerning turnarounds. 
Ranging from broad asset management strat-
egy to how work permits would be managed dur-
ing execution, approximately 90 questions were
asked and answers rated from one to five, with five
being the best. Although certain topics such as the
language skills of contractor personnel, the state
of plant documentation and the organizational set-
up of the turnaround team have demonstrated a
particularly high level of risk-sensitivity, the ques-
tions were structured in such a way that those top-
ics did not disproportionately dominate the answers
in order to gain as realistic a picture as possible.  
In order to counteract the subjectivity of the
assessment from both sides, model answers to the
questionnaire had already been defined. For exam-
ple, one answer read “80% of the work for the
upcoming turnaround has already been carried out
in the past by the same contractor” which would
rate a 4 on the scale. This means that the process
is weighted heavily towards a fact-based assess-
ment and less prone to the interpretation of the
interviewee. 
Once all scores were gathered, they were then
weighted with regard to how much time was
remaining before execution in order to get an indi-
cation of prioritization. As a result, a clear list of the
most risk-prone aspects of the project was pro-
duced which was then used along with the value
of a day’s worth of production to calculate the
potential financial exposure created should a par-
ticular risk occur. Following this process, the man-
agement team was able to fully understand both
the potential impact of risk on the project as well
as the importance of addressing it as early as pos-
sible. 
7.2 The most risk-prone aspects of turnarounds 
In practice, one of the single most frequent top-
ics that poses the greatest risk to turnarounds is
the lateness of the availability of actionable infor-
mation. Most companies carry out major projects
on their sites continuously, which may concern civil
engineering/construction (e.g. building or demol-
ishing structures or roads, resurfacing roads), util-
ities (e.g. (re)laying or removing water or sewer
conduits, power lines or working on electrical sub-
stations, wastewater treatment lines, sometimes
even product supply lines), or engineering (e.g. intro-
ducing new technology, modifying or expanding
the production environment). Most of this work is
of no concern to the turnaround, but parts of it will
have an impact, either in terms of actual interac-
tion, i.e. the equipment affected by the turnaround
changes, or as interference, i.e. by blocking roads,
by interrupting power supplies or by putting a crane
in the middle of the area where the turnaround is
supposed to take place. Often, a small amount of
vague information is provided regarding these other
projects but the precise detail of what will happen
and when is only communicated very late in the
day (or not at all), leaving the turnaround team to
suddenly realize that a lot of the assumptions they
have worked with are not valid. 
Another frequently-observed risk is the scope
never reaching freezing point. The theory states
that more than a year before the planned start of
the turnaround, all possible items should have been
selected, challenged and rejected or confirmed, in
order to allow planning to move forward. A major
part of the turnaround scope is inspection work
that is mandated by the government and that can-
not be done at any other time, for example, enter-
ing into a production vessel to check it for wear
and tear. This is normally well-defined on a multi-
year calendar. In theory, including all of this work
in the scope should be feasible well before the start
date, but in practice, it rarely is. Teams often find
that even legal inspections can surface quite sud-
denly and late in the day. 
Furthermore, cultural problems - whereby the
senior management does not enforce the “scope
freeze” practice and allows the late addition of
major jobs – can create risks. Failing to restrict the
amount of tasks to be included in the turnaround,
is a risk in several aspects, e.g. regarding the iden-
tification of the resources needed both in terms of
numbers and of trades, the selection and contract-
ing of third parties to provide these resources, the
definition of what needs to be procured in terms
of materials and equipment (if a major vessel or
piece of plant needs to be replaced it may take a
year or more for it to be fabricated, quality checked
and brought to the site), the reservation of cranes
and special tools, and so on. As chemical plants are
often clustered and they all conduct turnarounds,
even getting the right people in sufficient num-
bers can be quite a challenge.
A final example of a “typical” risk is the organ-
ization and management of the actual turnaround
execution. An unusually large number of people,
many of whom may never have been on site, need
to get work permits and access the equipment for
the specific job they are scheduled to carry out at
a particular time. They are also required to deliver
quality work (“first time right”), be able to get onto
and off the site, and need a place to eat and wash.
As the client organization is ultimately responsi-
ble for this, steps need to be taken to manage the
extra workforce and its needs. This requires prepa-
ration months in advance as well as a high level of
qualified personnel which is often underestimat-
ed and may have adverse consequences. Firstly, in
view of the limited amount of time of the turn-
around window, any delay has knock-on effects.
Secondly, when things turn out to have been done
substandard on start-up, it may mean the whole
plant has to be taken down again and start again
from scratch.
8 Conclusion
The use of risk management tools to evaluate
risk is in no way a new concept, but the way in which
they are used often restricts their impact. As turn-
arounds and large capital projects involve so many
variables and are constantly changing, it is vital
that managers overcome the idea of risk as a stat-
ic obstacle and understand that in order to address
it properly in this context, a dynamic approach must
be used. This means that the tools created to aid
risk identification and mitigation must be used on
a continuous basis and applied to planning and
scheduling processes as the event continues. 
Part of the problem with risk management as
a whole is that many people have great difficulty
understanding the very concept of probability and
tend to rate the risk of something spectacular occur-
ring far higher than of something mundane. As a
result, risk evaluation processes tend to focus on
extreme risks and preventive measures and ignore
the risk of rather more “standard” risks occurring.
This can give managers a false sense of security
during execution and expose the project and the
team to very real dangers. As a result, really under-
standing the probability of risks occurring and being
able to evaluate both their severity and criticality
requires a good degree of experience and judge-
ment. 
Within the industry, more must be done to
improve the understanding of and definition of
risk. Companies should be prepared to commit both
time and money to in-depth risk evaluation and to
ensuring that managers are fully aware of what
risk actually means in practice. When such large
numbers of workers are involved and the volume
of product and money at stake are vast, getting risk
management right is not beneficial, but an absolute
necessity.
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